Over the last decade, the agricultural work environment has undergone significant changes regarding types of employment contracts and working conditions. Since the revision of the Agricultural Land Act in 2009, it has become possible for inexperienced companies to enter the field of agriculture. As the structure of the agricultural industry in Japan changes, the issue of occupational health is receiving increasing attention among Japanese agricultural employees. Because almost all Japanese farmers have been self-employed for decades, the regulation of occupational safety and health for agricultural workers has not specialized in agricultural worker management. This paper discusses issues pertaining to agricultural workersʼ occupational safety and health that are now arising along with such social changes.
. From just after the Farmland Ownership Reformation until the present time, the employment pattern show shifts away from primary industries toward secondary and tertiary industries. As for the reconstruction of agriculture during high economic growth period (1950s-70s), the policy encouraged farmers to be enough to get no less income than the employees of secondary or tertiary industries. Although, the policies adopted by Japanese Ministry of Agriculture, Forestry and Fisheries (MAFF), the agricultural population of Japan had been declining. In 1990s MAFF investigated the actual conditions and prospects of commercial farmers and guessed a part of them will keep engaged in competitive farming. Eventually, MAFF changed its standpoint. After the revision of the Agricultural Land Act in 2009, it has become totally possible for an inexperienced company to enter the field of agriculture 2) 3)
. Modern agriculture became a complex business in which company uses a combination of land, machinery, genetically engineered seeds, chemical pesticides, and sophisticated cultivation and harvest techniques to produce a crop. Some views point out that Japanese agricultural sector is politically protected and does not have international competitiveness. The purpose of revision of the Agricultural Land Act was to improve strengthening of competitiveness in agriculture through consolidation of farmland and production rationalization. As the structure of the agricultural industry in Japan changes, the issue of occupational health is receiving increasing attention among Japanese agricultural employees.
Current condition of agriculture in Japan
According to a survey conducted by MAFF in 2013 (http: //www. maff. go. jp/j/wpaper/w_maff/h 21_h/trend/part1/chap3/c3_04.html), the core population mainly engaged in farming was 2,390,000 people, a decline of 124,000 workers (4.9%) compared to the previous year (Table-1) . By age, the number of workers 65 and older was 1,477,000 (61.8%), and 75 years old and over was 796,000 (33.3%). The core agricultural workers face an advancing aging crisis. There were 1,514,000 agriculture management entities (−2.8% from previous year) of which 1,482,400 were family agricultural management entities (−2.9% from previous year) (Figure-1) . Almost all of agricultural management entities are family agricultural management entities which are operated mainly by household members. Organized agricultural management entities is operated as juridical persons (in case of the juridical person manages agricultural undertakings) or groups other than juridical persons. Among the 31,600 organized agricultural management entities, the number of entities that receive funding from sources outside of the agricultural sector has reached 1,400 in Dec 2013 (Figure-2 ). Of those, about 300 receive funding from the construction and transportation sectors; 200, from the manufacturing and food service sectors; 200, from the food wholesale and retail sectors; and 600, from other sectors. As outsiders enter the market, competition among producers becomes more severe, leading to greater efficiency.
Agricultural employees defined by MAFF as Total population of male and female   Total  39 years old  and under  40-49  50-59  60-64  65-69  70-74  75 years old  and over   2010  2,606,000  177,000  147,000  358,000  319,000  360,000  436,000  809,000   2011  2,601, follows: Total number of"permanently hired worker on farm"and"Temporary hired workers on farm"[including mutual help among farm households (labor exchange) and voluntary help on a farm (labor accepted for free) ] engaged in farm management. In 2013, the number of agricultural employee was estimated 3,158,700 in Japan. Among the agriculture management entities, the organized management entities had 295,500 employees, an increase of 3.9% from 2012. Among these employees, 99,900 were permanently hired workers on farms, the population of permanent employees has leveled off or even increased. Contrary to the decreasing trend of the core population mainly engaged in commercial farming, the number of agricultural employees is expected to continue to increase.
Occupational safety and health in Japanese agricultural workers
In Japan the regulation about the occupational safety and health for agricultural worker is evidenced by the Japanese Occupational Safety and Health Act (J-OSHA) and the Agricultural Chemicals Regulation Act. These regulations are not specialized in agricultural worker management. As mentioned above, for several decades almost all of the Japanese farmers have been performed selfemployed. J-OSHA does not require such farmers to report the work accident, therefore, the actual situation of the work accident might not be precisely reflected in statistics. Although this problem remains, we could use two statistical information about agricultural injuries, i.e. a data of fatal agricultural injuries from MAFF survey and a data on occupational accidents from the Workersʼ Accident Compensation Insurance System. Data on fatal agricultural injuries in Japan, which are aggregate data concerning all agricultural workers (including agricultural employees), were provided by MAFF (http: //www. maff. go. jp/j/sei san/sien/sizai/s_kikaika/anzen/index.html) to confirm the each Vital Statistics Survey Death Form which was collected by Ministry of Health, Labor and Welfare of Japan (MHLW). Over the 40 years that MAFF operated (since 1971), about 400 fatal injuries were annually recorded 4) . Because many recent fatal accidents involve older workers aged 65 years or older, accounting for about 80% of all such accidents, one of the reasons is thought to be an increasing proportion of older workers in the agricultural workforce. Looking at the breakdown of fatal accidents, one would see that annually 60% to 70% of these accidents are linked to working with agricultural machinery, and that this trend has not changed for a long time. The breakdown by type of machinery shows that the number of fatal accidents involving a riding tractor is especially large, accounting for half of fatal accidents each year. About 70% of the machinery-related accidents are attributed to falling equipment 4) . As for other types of machinery, many accidents are linked to a walking tractor or an agricultural transport vehicle each year. Many of the accidents involving a walking tractor occur when a worker gets sandwiched between the tractor and another object or gets caught in a rotating part of the tractor. Also, recent years have seen fatal accidents occurring during work as a result of heat stroke, with an average of about 20 cases a year. The data indicated that attention should be paid to heat-stroke deaths in agricultural workers. In the warmer climate predicted in the near future, when the incidence of heat waves will increase, greater cooperation to prevent heat-stroke deaths in agricultural workers will be required to MAFF with related ministries. The actual situation surrounding non-fatal accidents is difficult to ascertain because there are many family-run businesses which are not required to report accidents under the J-OSHA. For a deeper understanding of such accidents, data on occupational accidents from the Workersʼ Accident Compensation Insurance System collected by the Japan Industrial Safety and Health Association (http: //anzeninfo. mhlw. go. jp/user/anzen/tok/an st00.htm) are useful. Here, it should be noted that the Workersʼ Accident Compensation Insurance System for agricultural workers is primarily a system that makes insurance benefit payments to compensate for employees injuries, illnesses, impairments, and deaths that occur during work or commute. However, the system makes an exception for certain non-employees who are considered to appropriately deserve the same protection that workers receive based on their duties and accident situations, and allows their voluntary participation. ment entity is operated as juridical person, the entity has an entry obligation to the general insurance regardless of the number of workers. An employer who continuously employs 5 or more workers, the employer has an entry obligation to the general insurance. A personal business with less than 5 regular employees is a temporary voluntary applicable. In any case, the employer and family workers are covered by the special insurance (Figure-3) . It is therefore not clear whether the data purely reflects the situation facing agricultural employees. However, as the number of employees will increase, the data will be useful in creating a nationwide system for accident prevention. According to the data, in 2004 there were 934 occupational accidents in the agricultural sector, and this number has risen year after year, reaching 1,261 in 2013 (Figure-4) . The breakdown by age shows that about 30% of the recent accidents involve workers aged 60 years or older. The number of occupational accidents involving workers aged 60 years or older increased from 332 in 2004 to 470 in 2013, which reflects the aging population in recent years. In comparison, occupational accidents involving workers aged 30 to 39 years almost doubled from 122 to 233, which suggests a rise in such accidents involving new entrants to the agricultural sector. In the breakdown by causes, falls and slips accounts for about half of the cases, while about 15% resulted from workers getting cuts or abrasions from agricultural machinery. At the same time, the number of occupational accidents resulting from coming into contact with hazardous materials is rather small, with one to seven accidents per year. However, if the population of agricultural employees continues to increase for a medium and long term, the number of accidents might be increasing, and adequate attention should be paid.
Agriculture innovation and occupational health in Japan
Due to industrial changes in recent years, it is highly likely that new issues will arise regarding agriculture-related occupational safety and health. In our recent study 5) , we revealed that the ocular irritation reported by the seed warehouse workers was thought to have been caused by exposure to airborne a product of pesticide hydrolysis degradation. The seed warehouse workers obtained information on toxicity only from the safety data sheet (SDS) and not from other independent sources. The SDS covering the pesticide did not mention ocular irritation from exposure to the product of pesticide hydrolysis degradation. As a result, the workers were unaware of the effects of hydrolysis on the pesticide in a non-conventional usage of the pesticide, such as seed coating. It is suggested, . Plant factories are indoor hydroponic facilities enabling stable, year-round production of high-quality, pesticide-free plants without them being affected by changes in weather 7) . In Japan, against a backdrop of limited farmland, pesticide problems, and a falling food self-sufficiency rate, there is anticipation that increasing the use of plant factories will vitalize the primary sector of the countryʼs economy, and such an increase is part of the national economic growth strategy for the agricultural sector. Since plant factories have strong industrial character even though they are used for agricultural purposes, measures for occupational safety and health in their workplace environment should be designed with consideration of occupational safety measures in the industrial sector. At the moment, complete automation has not been achieved in plant factories and many of the processes are manually performed 8) .
However, as more automation is introduced, more problems are expected to arise in terms of occupational safety and health. In such cases, it is desirable to create relevant measures, drawing on examples from automobile factories 6) . It is possible that an increasing number of agricultural workers from abroad will perform work as the number of domestic agricultural workers declines. Today there are foreign workers working in agriculture through a training and technical internship program 9) . The purpose of the program is to transfer technical skills developed in Japan to developing countries and to contribute to the training of professionals who will be responsible for economic development in these countries and other places. The foreign trainees are sent to Japan from private and public organizations in their home countries and receive training at host organizations in Japan. The duration of their stay is typically one year or less. In cases in which specified conditions are met, they can stay for additional two years at the same host organizations under employment contracts in order to gain practical skills. This is called technical internship. With the periods of training and technical internship combined, the maximum duration of stay is three years. The number of foreign research students and technical interns in Japan has increased year after year, and in the agricultural sector the number of applicants for the transition from training to technical internship has been on the rise. Since the program was introduced in the agricultural sector (2000), the number of trainees and technical interns has continued to rise, and the total number of foreign agricultural trainees and technical interns staying in Japan under the program is estimated to be around 22,000 as of 2012 (http://www.moj.go.jp/ content/000120643.pdf). There are, however, cases where trainees learning practical skills are effectively treated as low-wage workers, reflecting insufficient protection of trainees and technical interns 10) . Due to this lack of protection, illegal working, forced labor, and violations of the Labor Standards Act have become social problems. For this reason, the foreign technical intern program was amended, and the new rules were implemented on July 1, 2012. These rules require correct understanding and proper use of the program to a greater extent, as well as compliance with laborrelated laws and regulations. When trainees make a transition to become technical interns, labor contracts must be signed between interns and farmers or other hosts. In signing labor contracts, the employers must explicitly specify to the workers the wages, working hours, and other work-related conditions. It is hoped that the hospitable treatment of research students and technical interns will further improve in the future.
Good Agricultural Practice (GAP)
Many of the measures for occupational safety and health implemented overseas have useful implications for Japan. Good Agricultural Practice (GAP) concerns certification of methods concerning factors like food safety, environmental protection, and occupational safety and health, which are necessary in producing agricultural products 11) . The concept of GAP has been used by the Food and Agriculture Organization, the World Health Organization, and other organizations since the 1970s, especially in connection with the use of pesticides, but GAP became widely recognized in 2000 when the Euro-Retailer Produce Working Group (EUREP) started a private-sector certification program, EUREP-GAP, which sets international standards for purchases of agricultural products. The program changed its name from EUREP-GAP to Global-GAP and has been widely adopted internationally when it was set forth that starting in 2005, the EUREP member retailers would sell only agricultural products that met the standards. The Global-GAP program issues certificates by assessing not only reduced risks concerning agricultural product safety and efforts for environmental protection, but also occupational safety and health at sites of agricultural production. Introduction of GAP certification programs have rapidly spread outside European countries. In Japan, in response to peopleʼs increased awareness about food safety, farmers, agricultural communities, farmersʼ associations, and local governments have independently introduced and promoted GAP programs. Since the types of certification efforts by these groups spanned a wide range, preparing common infrastructure that would take into account scientific knowledge and consumer needs became the challenge. With the publication of the"Guideline Concerning Common Infrastructure for Good Agricultural Practice (GAP) "by MAFF in 2010 (http: //www. maff. go. jp/j/seisan/gizyutu/gap/gui deline/), introduction of GAP programs has steadily increased.
As a third-party certification organization, Japan Good Agricultural Practice (J-GAP) began in 2008 a farm inspection and certification program 12) .
Similarly to the Global-GAP program, this certification program sets strict inspection standards for the ways in which pesticides are used in connection with not only agricultural product management, but also agricultural workersʼ safety and health. Farms confirmed to meet J-GAP standards receive J-GAP certificates, enabling them to show consumers that the farms are properly managed. One can hope that agricultural producersʼ efforts to receive such certificates will potentially lead to improved awareness about occupational safety and health management in the entire agricultural sector.
Conclusion
The structure of the agricultural sector in Japan has changed due to the aging population and internationalization. As these changes have occurred, the issues regarding occupational safety and health have also changed. It is considered desirable that agricultural producers employing workers will secure workersʼ safety by introducing management methods including acquisition of GAP certificates.
